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WOUND CLEANING TOOL WITH FLUID DELIVERY AND REMOVAL
CAPABILITIES

Related Application

[0001] This application claims the benefit, under 35 U.S.C. § 119(e), of the filing of
U.S. Provisional Patent Application serial number 62/539,366, entitled “WOUND
CLEANING TOOL WITH FLUID DELIVERY AND REMOVAL CAPABILITIES,” filed

July 31, 2017, which is incorporated herein by reference for all purposes.

TECHNICAL FIELD

[0002] The invention set forth in the appended claims relates generally to tissue
treatment systems and more particularly, but without limitation, to debridement devices,

systems, and methods suitable for debriding a tissue site.

BACKGROUND

[0003] Clinical studies and practice have shown that reducing pressure in proximity
to a tissue site can augment and accelerate growth of new tissue at the tissue site. The
applications of this phenomenon are numerous, but it has proven particularly advantageous
for treating wounds. Regardless of the etiology of a wound, whether trauma, surgery, or
another cause, proper care of the wound is important to the outcome. Treatment of wounds
or other tissue with reduced pressure may be commonly referred to as "negative-pressure

therapy," but is also known by other names, including "negative-pressure wound therapy,"

"reduced-pressure therapy," "vacuum therapy," "vacuum-assisted closure," and "topical
negative-pressure,” for example. Negative-pressure therapy may provide a number of
benefits, including migration of epithelial and subcutaneous tissues, improved blood flow,
and micro-deformation of tissue at a wound site. Together, these benefits can increase
development of granulation tissue and reduce healing times.

[0004] There is also widespread acceptance that cleansing a tissue site can be highly
beneficial for new tissue growth. For example, a wound can be washed out with a stream of
liquid solution, or a cavity can be washed out using a liquid solution for therapeutic purposes.

These practices are commonly referred to as "irrigation" and "lavage" respectively.
1



WO 2019/027644 PCT/US2018/041663

"Instillation" is another practice that generally refers to a process of slowly introducing fluid
to a tissue site and leaving the fluid for a prescribed period of time before removing the fluid.
For example, instillation of topical treatment solutions over a wound bed can be combined
with negative-pressure therapy to further promote wound healing by loosening soluble
contaminants in a wound bed and removing infectious material. As a result, soluble bacterial
burden can be decreased, contaminants removed, and the wound cleansed.

[0005] Similarly, debridement of a tissue site, such as a wound, can be highly
beneficial for new tissue growth. Debridement may refer to a process for removing dead,
damaged, or infected tissue from a tissue site for improving the healing potential of healthy
tissue remaining at the tissue site.

[0006] While the clinical benefits of negative-pressure therapy and instillation
therapy in conjunction with wound debridement are widely known, improvements to therapy

systems, components, and processes may benefit healthcare providers and patients.
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BRIEF SUMMARY

[0007] New and useful systems, apparatuses, and methods for cleansing and/or
debriding a tissue site are set forth in the appended claims. Illustrative embodiments are also
provided to enable a person skilled in the art to make and use the claimed subject matter.

[0008] In some embodiments, a system for treating a tissue site may include a
debridement tool, a negative-pressure source, a fluid source, and a control unit. The
debridement tool may have a first end and a second end. The debridement tool may include a
first fluid conduit extending from the first end to the second end and a second fluid conduit
extending from the first end to the second end. The debridement tool may further include a
brush attached to the second end. The negative-pressure source may be fluidly coupled to the
first fluid conduit at the first end of the debridement tool. The fluid source may be fluidly
coupled to the second fluid conduit at the first end of the debridement tool. The control unit
may interface with an operator for receiving and displaying operation parameters of the
negative-pressure source and the fluid source.

[0009] Other example embodiments may include a method for debriding a tissue site.
The method may include positioning a first end of a debridement tool proximate to a portion
of necrotic tissue at the tissue site, supplying a treatment fluid through the first end of the
debridement tool to the necrotic tissue, and activating a negative-pressure source to deliver
negative pressure through the debridement tool to the tissue site.

[0010] Other example embodiments may include a system for treating a tissue site
having necrotic tissue. The system may include a debridement tool, a negative-pressure
source fluidly coupled to the debridement tool, and a fluid source fluidly coupled to the
debridement tool.

[0011] Additional example embodiments may include a device for debriding a tissue
site. The device may include a housing having a first end and a second end. The device may
further include a first fluid conduit positioned within the housing and extending from the first
end to the second end and adapted to be fluidly coupled to a negative-pressure source. The
device may also include a second fluid conduit positioned within the housing and extending
from the first end to the second end and adapted to be fluidly coupled to a fluid source. The
device may further include a brush attached to the second end.

[0012] Objectives, advantages, and a preferred mode of making and using the claimed
subject matter may be understood best by reference to the accompanying drawings in

conjunction with the following detailed description of illustrative embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 is a schematic diagram of an example embodiment of a therapy
system for treating a tissue site in accordance with this specification;

[0014] Figure 2 is a diagram of a graphical user interface (GUI) that may be
associated with an example embodiment of the therapy system of Figure 1;

[0015] Figure 3 is a schematic diagram illustrating additional details that may be
associated with some example embodiments of the therapy system of Figure 1;

[0016] Figure 4 is a schematic diagram illustrating additional details that may be
associated with some example embodiments of the therapy system of Figure 1;

[0017] Figure 5 is a schematic diagram illustrating additional details that may be
associated with features of some example embodiments of the therapy system of Figure 1;

[0018] Figure 6 is a schematic diagram illustrating additional details that may be
associated with features of some example embodiments of the therapy system of Figure 1;

[0019] Figure 7A is a schematic diagram illustrating additional details that may be
associated with some example embodiments of the therapy system of Figure 1;

[0020] Figure 7B is a schematic diagram illustrating additional details that may be
associated with some example embodiments of the therapy system of Figure 1;

[0021] Figure 8A is a schematic diagram illustrating a blockage condition which may
be associated with some example embodiments of the therapy system of Figure 1;

[0022] Figure 8B is a schematic diagram showing another view of the blockage
condition depicted in Figure 8A;

[0023] Figure 9A is a schematic diagram illustrating additional details associated with
a rotary valve, which may be associated with some example embodiments of the therapy
system of Figure 1;

[0024] Figure 9B is a schematic diagram illustrating additional details associated with
some embodiments of the rotary valve of Figure 9A;

[0025] Figure 9C is a schematic diagram illustrating additional details associated with
the rotary valve of Figure 9A, according to some example embodiments;

[0026] Figure 9D is a cross-section view of a portion of the rotary valve of Figure 9B,

[0027] Figure 9E is a schematic diagram illustrating additional details associated with
the rotary valve of Figure 9A, according to some example embodiments;

[0028] Figure 9F is a cross-section view of a portion of the rotary valve of Figure 9B;
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[0029] Figure 10A is a schematic diagram illustrating additional details that may be
associated with some example embodiments of the debridement tool of Figure 1, including a
rotary valve;

[0030] Figure 10B is a schematic diagram illustrating additional details associated
with some embodiments of the debridement tool and rotary valve of Figure 10A;

[0031] Figure 10C is a cross-section view of a portion of the debridement tool and
rotary valve of Figure 10B;

[0032] Figure 11A is a schematic diagram illustrating additional details that may be
associated with some example embodiments of the debridement tool of Figure 1, including a
rotary valve;

[0033] Figure 11B is a schematic diagram illustrating additional details associated
with some embodiments of the debridement tool and rotary valve of Figure 11A;

[0034] Figure 11C is a cross-section view of a portion of the debridement tool and
rotary valve of Figure 11B;

[0035] Figure 12A is a schematic diagram illustrating additional details that may be
associated with some example embodiments of the debridement tool of Figure 1, including a
rotary valve, in conjunction with a blockage condition;

[0036] Figure 12B is a schematic diagram illustrating additional details associated
with some embodiments of the debridement tool and rotary valve of Figure 124

[0037] Figure 12C is a cross-section view of a portion of the debridement tool and
rotary valve of Figure 12B;

[0038] Figures 13A-13C are perspective top views showing before and after views of
sample test materials used to simulate various tissue sites;

[0039] Figures 14A-14C are perspective top views showing before and after views of
sample test materials used to simulate various tissue sites; and

[0040] Figures 15A-15C are perspective top views showing before and after views of

sample test materials used to simulate various tissue sites.
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DESCRIPTION OF EXAMPLE EMBODIMENTS

[0041] The following description of example embodiments provides information that
enables a person skilled in the art to make and use the subject matter set forth in the appended
claims, but may omit certain details already well-known in the art. The following detailed
description is, therefore, to be taken as illustrative and not limiting.

[0042] The example embodiments may also be described herein with reference to
spatial relationships between various elements or to the spatial orientation of various
elements depicted in the attached drawings. In general, such relationships or orientation
assume a frame of reference consistent with or relative to a patient in a position to receive
treatment. However, as should be recognized by those skilled in the art, this frame of
reference is merely a descriptive expedient rather than a strict prescription.

[0043] Figure 1 illustrates a therapy system 100 that can provide negative-pressure
therapy and instillation of topical treatment solutions for treating a tissue site 102. A tissue
site in this context may include, without limitation, any irregularity with a tissue, such as an
open wound, surgical incision, burn, foreign matter in the tissue, or damaged, necrotic,
infected, contaminated, or adherent tissue. A wound may include chronic, acute, traumatic,
subacute, and dehisced wounds, partial-thickness burns, ulcers (such as diabetic, pressure, or
venous insufficiency ulcers), flaps, and grafts, for example. The term “tissue site” may also
refer to areas of any tissue in which it may be desirable to add or promote the growth of
additional tissue. The therapy system 100 is presented in the context of a tissue site 102
which may be through the epidermis 106, or generally skin, and the dermis 108, and reaching
into a hypodermis, or subcutaneous tissue 110. The therapy system 100 may be used to treat
a tissue site of any depth. Treatment of the tissue site 102 may include removal of fluids, for
example, exudate or ascites.

[0044] In some embodiments, the tissue site 102 may include necrotic tissue 112,
and in many instances, it may be desirable to remove the necrotic tissue 112 in order to
promote healing of the tissue site 102. The illustrative, non-limiting embodiment shows the
therapy system 100 in the context of the tissue site 102 having a localized, or discrete area, of
necrotic tissue 112 within the tissue site 102. The therapy system 100 may also be used in
contexts where the tissue site 102 and may include a layer of necrotic tissue 112 that covers
the entire surface of a wound.

[0045] As used herein, the terms “debride,” “debriding,” and “debridement,” relate

to the act of removing or the removal of undesirable tissue, such as, eschar, necrotic,
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damaged, infected, contaminated, or adherent tissue, or foreign material from a tissue site.
Several methods of debridement may be employed to treat a tissue site 102 having necrotic
tissue 112, including surgical debridement, mechanical debridement, chemical or enzymatic
debridement, and autolytic debridement.

[0046] However, each of these methods has both advantages and disadvantages.
For example, while mechanical debridement is perhaps the fastest method of debridement, it
is almost invariably painful or at least submits the patient to a significant level of discomfort.
Additionally, mechanical debridement typically requires a high level of skill from the
caregiver.

[0047] Chemical, or enzymatic, debridement entails the use of chemical enzymes to
convert the necrotic tissue to slough. Chemical debridement may be fast-acting and cause
minimal damage to healthy tissue if the chemicals are applied properly. However, chemical
debridement has disadvantages as well. The process may be expensive, and traditional
chemical debridement methods and systems, such as low pH systems, may be painful to a
patient. Other debriding agents, such as papain, may have other health implications and only
have limited usage that is restricted by law. Other agents may be used, such as medical grade
honey, but can become quickly mobile in the presence of fluid, such as wound exudate, and
an applied negative pressure.

[0048] Autolytic debridement, or autolysis, entails the use of the body’s own
enzymes and white blood cells, along with moisture, to hydrate and liquefy the necrotic tissue
112 and slough. Since autolytic debridement is a naturally-occurring process, it is relatively
painless and does not risk damage to healthy tissue. Further, autolytic debridement does not
require wound fluid to remain in contact with the necrotic tissue 112, and can be facilitated
by the use of films, hydrocolloids, and hydrogels. A disadvantage of autolytic debridement is
that autolytic debridement is slower than other types of debridement, rendering the wound
susceptible to infection.

[0049] Currently, mechanical debridement, such as with sharp instruments, is the
standard of care for wound debridement, which involves cleaning the wound and removing
dead or infectious tissue using a blade. However, because not all caregivers are qualified or
authorized to perform sharp debridement, patients may often be required to wait for a
scheduled time with a surgeon clinician for the wound to be debrided in a surgical
environment. In many situations, it would be advantageous to have the wound cleaned and

debrided with a simple hand tool, such as a curette. However, such an option can be messy
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and, in particular, it is often difficult to ensure that all of the detritus has been removed from
the wound before it is dressed.

[0050] Thus, a simple and effective way for cleaning and debriding a wound that
may be performed away from a surgical environment may be beneficial. Ideally, the
cleansing and debridement process may be performed by a skilled nurse or caregiver, without
having to wait for a sharp, mechanical debridement process. A solution that allows for
reaching challenging tissue site locations or immobile patients may also be beneficial.
Moreover, it may be desirable to have a system and method that can be combined with
negative-pressure applications. The therapy system 100 may address these outstanding needs
and others. For example, the therapy system 100 may provide a low-pain alternative for
enhanced debridement and healing of tissue sites that can be used in conjunction with
negative-pressure treatment.

[0051] The therapy system 100 may include a therapy unit, a negative-pressure
source, a fluid source, and a debridement tool. For example, as illustrated in Figure 1, in
some embodiments, a therapy unit 114 may include a negative-pressure source 116 and a
fluid source 118, as well as a container 120, any or all of which may be fluidly coupled to a
debridement tool 122. In some embodiments, the therapy unit 114 may be a V.A.C ULTA™
Therapy Unit, available from Kinetic Concepts Inc., of San Antonio, TX, USA.

[0052] In general, components of the therapy system 100 may be coupled directly
or indirectly. For example, the negative-pressure source 116 may be directly coupled to the
container 120, and indirectly coupled to the debridement tool 122 through the container 120.
In some embodiments, components may be coupled by virtue of physical proximity, being
integral to a single structure, or being formed from the same piece of material. Coupling may
also include mechanical, thermal, electrical, or chemical coupling (such as a chemical bond)
in some contexts.

[0053] Components may also be fluidly coupled to each other to provide a path for
transferring fluids (i.e., liquid and/or gas) between the components. In some embodiments,
for example, components may be fluidly coupled through a tube. A “tube” as used herein,
broadly refers to a tube, pipe, hose, conduit, or other fluid conductor with one or more lumina
or open passages adapted to convey fluid between two ends. Typically, a tube is an
elongated, cylindrical structure with some flexibility, but the geometry and rigidity may vary.
Moreover, some fluid conductors may be molded into or otherwise integrally combined with

other components.
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[0054] The fluid mechanics of using a negative-pressure source to reduce pressure
in another component or location can be mathematically complex. However, the basic
principles of fluid mechanics applicable to negative-pressure therapy and instillation are
generally well-known to those skilled in the art, and the process of reducing pressure may be
described illustratively herein as “delivering,” “distributing,” or “generating” negative
pressure, for example.

[0055] In general, exudates and other fluids flow toward lower pressure along a
fluid path. Thus, the term “downstream” typically implies something in a fluid path
relatively closer to a source of negative pressure or further away from a source of positive
pressure. Conversely, the term “upstream” implies something relatively further away from a
source of negative pressure or closer to a source of positive pressure. Similarly, it may be
convenient to describe certain features in terms of fluid “inlet” or “outlet” in such a frame of
reference. This orientation is generally presumed for purposes of describing various features
and components herein. However, the fluid path may also be reversed in some applications
(such as by substituting a positive-pressure source for a negative-pressure source) and this
descriptive convention should not be construed as a limiting convention.

[0056] “Negative pressure” generally refers to a pressure less than a local ambient
pressure, such as the ambient pressure in a local environment external to a therapeutic
environment. In many cases, the local ambient pressure may also be the atmospheric
pressure at which a tissue site is located. Alternatively, the pressure may be less than a
hydrostatic pressure associated with tissue at the tissue site. Unless otherwise indicated,
values of pressure stated herein are gauge pressures. Similarly, references to increases in
negative pressure typically refer to a decrease in absolute pressure, while decreases in
negative pressure typically refer to an increase in absolute pressure. While the amount and
nature of negative pressure applied to a tissue site may vary according to therapeutic
requirements, the pressure is generally a low vacuum, also commonly referred to as a rough
vacuum, between -5 mm Hg (-667 Pa) and -500 mm Hg (-66.7 kPa). Common therapeutic
ranges are between -50 mm Hg (-6.7 kPa) and -300 mm Hg (-39.9 kPa).

[0057] A negative-pressure supply, such as the negative-pressure source 116, may
be a reservoir of air at a negative pressure, or may be a manual or electrically-powered device
that can reduce the pressure in a sealed volume, such as a vacuum pump, a suction pump, a
wall suction port available at many healthcare facilities, or a micro-pump, for example. A
negative-pressure supply may be housed within or used in conjunction with other

components, such as sensors, processing units, alarm indicators, memory, databases,
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software, display devices, or user interfaces that further facilitate therapy. For example, in
some embodiments, the negative-pressure source 116 may be combined with a controller and
other components into a therapy unit, such as therapy unit 114. A negative-pressure supply
may also have one or more supply ports configured to facilitate coupling and de-coupling the
negative-pressure supply to one or more distribution components. For example, the negative-
pressure source 116 may be fluidly coupled to the debridement tool 122 by a negative-
pressure conduit 124,

[0058] The therapy system 100 may also include a source of instillation solution,
such as a therapeutic solution useful for debridement. For example, the fluid source 118 may
be fluidly coupled to the debridement tool 122 by a supply conduit 126, as illustrated in the
example embodiment of Figure 1. The fluid source 118 may also be representative of a
container, canister, pouch, bag, or other storage component, which can provide a solution for
instillation therapy. Compositions of solutions may vary according to a prescribed therapy,
but examples of solutions that may be suitable for some prescriptions may include a saline
solution. Other solutions may include sterile water, lactated ringers solution, and/or
commercial wound cleansers.

[0059] The fluid source 118 may be housed within or used in conjunction with other
components to facilitate movement of a fluid. The fluid source 118 may be, or include, a
fluid pump, such as a peristaltic pump. Additionally or alternatively, in some embodiments,
the fluid source 118 may be a fluid reservoir, which may store and deliver fluid. In any
embodiment, the fluid source 118, such as a fluid pump or a fluid reservoir, may include a
container, such as a canister, pouch, or other storage component.

[0060] The container 120 is representative of a container, canister, pouch, or other
storage component, which can be used to manage exudate and other fluid withdrawn from a
tissue site. In many environments, a rigid container may be preferred or required for
collecting, storing, and disposing of fluid. In other environments, fluids may be properly
disposed of without rigid container storage, and a re-usable container could reduce waste and
costs associated with negative-pressure therapy. In some preferred embodiments, the
container 120 may be positioned in fluid communication between the negative-pressure
source 116 and the debridement tool 122 to collect fluid drawn from the tissue site 102 by the
debridement tool 122 and through the negative-pressure conduit 124. The container 120 may
also include features that enable filtering of the effluent that is withdrawn from the tissue site
102. In some embodiments, the container 120 may attach to the therapy unit 114, as

illustrated in Figure 1. The container 120 may include multiple ports and connection
10
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interfaces for integration with the therapy unit 114, the negative-pressure source 116, the
fluid source 118, the debridement tool 122, and/or the other components of the therapy
system 100.

[0061] The debridement tool 122 may include a collection of fluid conduits for the
application of negative pressure and the delivery of fluid to the tissue site 102. In some
embodiments, the debridement tool 122 may be fluidly connected to the negative-pressure
source 116 by the negative-pressure conduit 124. Additionally, the debridement tool 122
may be fluidly connected to the fluid source 118 by the supply conduit 126. In some
embodiments, the debridement tool 122 may include a brush 128.

[0062] The therapy system 100 may also include a particulate filter 129, which may
be positioned in fluid communication between the negative-pressure source 116 and the
debridement tool 122, and in some embodiments between the container 120 and the
debridement tool 122. The particulate filter 129 may function to remove particulate matter
from the effluent that has circulated through the tissue site 102. For example, in the
embodiment pictured in Figure 1, fluid delivered to the tissue site 102 by the fluid source 118
through the supply conduit 126 and the debridement tool 122 may be drawn back out of the
tissue site 102 by the debridement tool 122 and transported through the negative-pressure
conduit 124 to the particulate filter 129. The fluid may be filtered to remove particulate
matter in the particulate filter 129, before being recollected in the container 120.

[0063] Figure 2 is a diagram of an example of a graphical user interface (GUI) 130,
illustrating additional details that may be associated with some embodiments of the therapy
unit 114. In some embodiments, the GUI 130 may display an example embodiment of a
debridement application, which may allow an operator to receive information from and
control the therapy unit 114 as well as other components of the therapy system 100. In some
embodiments, the GUI 130 may be configured to display features of a debridement
application as part of a debridement view 132. For example, the debridement view 132 of the
debridement application may include a variety of display and information fields as well as
soft-buttons for controlling the debridement and negative-pressure functionalities of the
therapy unit 114, as part of the therapy system 100. For example, the debridement view 132
may include a header bar 134, which may provide the operator, such as a clinician, with
general operating status information of the therapy unit 114 as well as the overall therapy
system 100. The header bar 134 may include information fields which relate to the operation
mode of the therapy unit 114, the phase of the specific operation mode, as well as whether

one or more pump devices, such as the negative-pressure source 116, are currently operating.
11
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Additionally, the header bar may also display the general date and time information of the
therapy unit 114, and where applicable, a battery status indicator for the therapy unit 114.

[0064] The operator may also be presented with a toolbar 136, which may be
located across the bottom of the debridement view 132, in some illustrative embodiments.
The toolbar 136 of the debridement view 132 may include a number of selectable graphical
elements, including a “Help” soft-button 138, a “Night-Mode” soft-button 140, and a “Lock”
soft-button 142, along with soft-buttons assigned to any other features related to debridement
therapy. The operator may select any of these functions (i.e., help, night-mode, lock) to
cause another graphical user interface for performing the selected function to be presented to
the operator. For example, the “Help” soft-button 138 may allow an operator to access a user
guide as well as allow the operator to send questions or comments to a clinical or technical
support team member at a remote support center. The “Night-Mode” soft-button 140 may
allow the operator to dim or turn-off the backlight for the screen or monitor displaying the
GUI 130. The “Lock” soft-button 142 may allow an operator to securely log out of the
debridement therapy application, as well as lock access to interfacing with the GUI 130 of the
therapy unit 114.

[0065] In the main portion of the GUI 130, the operator may be presented with a
menu bar 144, which may display one or more “tabs” soft-buttons, for accessing various
features and functionalities of the selected therapy mode, such as the debridement mode
shown in the example illustrative embodiment of Figure 2. For example, the menu bar 144
may include a “Home” tab soft-button 145, a “Treatment Protocol” tab soft-button 146, and a
“Tools” tab soft-button 147. As shown in the illustrative embodiment of Figure 2, the
“Home” tab soft-button 145 may display a home view 148 showing high-level summary
information for the current operational mode of the therapy unit 114. For example, therapy
icon 149 may display a graphic of the therapy mode, which in the case of Figure 2 is
debridement tool therapy. Additionally, the home view 148 associated with the “Home” tab
soft-button 145 may also display a start/stop soft-button 150, which may be used to activate
and deactivate the functions of the therapy system 100 related to the selected therapy mode,
and a therapy settings soft-button 151. The therapy settings soft-button 151 may allow an
operator to view and modify a variety of different parameters, such as negative-pressure
application, fluid delivery, or debridement operation, which may relate to many of the
individual components of the therapy system 100.

[0066] The “Treatment Protocol” tab soft-button 146 may allow an operator to

access a variety of different views related to the prescribed and/or selected treatment
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regimen(s) for one or more tissue site(s). Through this tab, the operator may also be able to
view instructions provided by treating physicians or other clinicians, as well as notes entered
by previously-treating caretakers. Additionally, the operator may be able to enter date- and
time-stamped notes, instructions, or reminders for future caretakers, such as clinicians. The
“Tools” tab soft-button 147 may allow the operator to select from a variety of different
options related to display settings, power-management settings, and troubleshooting options.
It should be understood that the GUI 130 is exemplary and that additional and/or alternative
functions and selection elements may be provided to the operator.

[0067] Figure 3 is a schematic diagram of another example of the therapy system
100, illustrating additional details that may be associated with some embodiments. In the
illustrative example of Figure 3, the negative-pressure source 116 is depicted as being housed
inside of the therapy unit 114. Further, in the example embodiment of Figure 3, the fluid
source 118 is depicted as a freestanding unit that is fluidly connected to the therapy unit 114
by feeder conduit 152. However, in other embodiments, the fluid source 118 may be
physically attached to the therapy unit 114 via brackets, a holster, or other mechanical means,
and may include an interface for fluidly coupling to the therapy unit 114.

[0068] The debridement tool 122 may be in the form of a handheld tool, such as a
wand, for providing both negative pressure as well as a treatment fluid to a tissue site or
wound, such as the necrotic tissue 112 of tissue site 102 of Figure 1. As depicted in Figure 3,
the debridement tool 122 may be in fluid communication with the negative-pressure source
116 by negative-pressure conduit 124 and may be in fluid communication with the fluid
source 118 wvia supply conduit 126. In some embodiments, such as the illustrative
embodiment of Figure 3, the debridement tool 122 may be fluidly connected to the negative-
pressure source 116 by means of container 120, in which case the path of the negative-
pressure conduit 124 may be from the debridement tool 122 to the container 120, with the
container 120 also fluidly connected to the negative-pressure source 116. Similarly, in some
embodiments, the debridement tool 122 may be fluidly connected to the fluid source 118 by
means of components of the therapy unit 114, such as a fluid pump 154.

[0069] In some embodiments, the debridement tool 122 may be constructed from an
injection-molded casing that may be fitted with a rubber grip. The debridement tool 122 may
be formed in two halves, which may be snap-fitted together. Internally, the debridement tool
122 may include conduits, such as tubes, for conducting negative-pressure and treatment fluid
through the body of the debridement tool 122. For example, the debridement tool 122 may

include a negative-pressure tube 161, a treatment fluid tube 162, and in applicable
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embodiments, a pressure-sensing tube 163. Internally, these tubes may be securely housed
within ribbing of the casing material of the debridement tool 122.

[0070] In some embodiments, the debridement tool 122 may have a connector end
153 and an applicator end 155. The debridement tool 122 may be directly fitted with tubing
connectors at the connector end 153 for attaching the negative-pressure conduit 124 and
supply conduit 126 to the body of the debridement tool 122. For example, the debridement
tool 122 may include a first connector 159 for fluidly connecting the negative-pressure
conduit 124 and may include a second connector 160 for fluidly connecting the supply
conduit 126 to the debridement tool 122. In some embodiments, where applicable, the first
connector 159 may also be sized and configured to additionally attach a pressure-sensing
conduit 170.

[0071] The debridement tool 122 may include multiple valves for controlling the
delivery of either or both of negative-pressure and a treatment fluid to the applicator end 155
of the debridement tool 122. For example, the debridement tool 122 may include a fluid
removal valve 164, which may act on the negative-pressure tube 161 for regulating the
application of negative-pressure to the applicator end 155 of the debridement tool 122, and
ultimately to the tissue site 102. The debridement tool 122 may also include a fluid delivery
valve 166, which may control the flow of treatment fluid through the treatment fluid tube 162
to the applicator end 155 of the debridement tool 122.

[0072] Additionally, the debridement tool 122 may include a brush 128 at the
applicator end 155, for allowing a user to apply a scrubbing or abrasive force to a portion of a
wound, such as necrotic tissue 112 of tissue site 102. In some embodiments, the brush 128
may be made from a medical-grade nylon material. The brush 128 may be fitted with a snap
fitting, which may allow for brush heads to be interchanged for replacement heads of
different grades, with the grades being determined by different material lengths, diameters,
and hardness of the heads. The interchangeability of the brush heads may allow for use of the
debridement tool 122 on a wider range of tissue sites, including wounds. Different grades of
brush heads may also be effective for different purposes when cleaning and/or debriding a
particular wound. For example, brush heads in some embodiments may have bristles that
may range from 4 mm to 20 mm in length and from 0.10 mm to 0.50 mm in diameter.
Testing of different grades of nylon brush heads has shown that soft brushes (~0.17 mm x 9
mm bristles) clean the wound by providing a softer debridement tool for wounds with more
exudate and slough as opposed to hard eschar. Additionally, testing has shown that firm

brushes (~0.25 mm x 9 mm bristles) clean wounds with more exudate and slough as well as
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can provide some cleaning and debridement to wounds with some amount of hard eschar
present. Meanwhile, hard brushes (~0.17 mm x 6 mm bristles) have been shown to clean and
debride wounds with hard eschar. The hardness or firmness of the bristles on the brush head
may be selected depending on the particular tissue site in need of debridement.

[0073] The debridement tool 122 may further include at least one control button,
such as first control button 168, for allowing an operator to control the delivery of treatment
fluid, and/or the supply of negative pressure, when applicable. Depending on the
configuration, the first control button 168 may function to open/close the fluid delivery valve
166, the fluid removal valve 164, or both. In some embodiments, the first control button 168
may also be configured to activate/deactivate the fluid pump 154 and/or the negative-pressure
source 116.

[0074] As shown in this embodiment of Figure 3, the therapy system 100 may also
include a pressure-sensing functionality, for providing feedback to the therapy unit 114 and
the operator as to when certain target or threshold pressure levels have been reached. For
example, the therapy system 100 may include a pressure-sensing conduit 170, which may
provide fluid communication between the debridement tool 122 and a pressure sensor 172.

[0075] The therapy system 100 may be further equipped with a flow sensor 156 for
monitoring the flow rate of the treatment fluid originating from the fluid source 118. In
embodiments which include a fluid pump, such as the fluid pump 154 shown in Figures 3 and
4, the flow sensor 156 may monitor the flow rate of the treatment fluid pumped by the fluid
pump 154 through the supply conduit 126 to the debridement tool 122. The flow sensor 156
may thus be configured to detect a fluid blockage along the flow path of the fluid, as well as
communicate to a control logic of the therapy unit 114 to temporarily halt the operation of the
fluid pump 154 to stop the fluid flow.

[0076] The functionality of the flow sensor 156 may also be indirectly linked to the
one or more control buttons of the debridement tool 122. For example, when the first control
button 168 is set to the “off” position, thus closing the fluid delivery valve 166 and disrupting
the flow of fluid through the treatment fluid tube 162 and supply conduit 126, the flow sensor
156 may detect this change in fluid flow and send a signal to stop the fluid pump 154 from
pumping. In some embodiments, the therapy system 100 may be configured to differentiate
between unintentional fluid blockages and blockages due to the closure of the fluid delivery
valve 166 directed by an operator. While in cases of unintentional blockages, the fluid pump
154 may have to be powered-off and manually reset. In the situation where the blockage is

due to the closure of the fluid delivery valve 166, the control logic of the fluid pump 154 may
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be programmed so that the fluid pump 154 may automatically attempt to resume pumping
fluid through the system at regular intervals, for example in intervals of about 1-2 seconds.
The fluid pump 154 may thus recommence delivery of treatment fluid once the fluid delivery
valve 166 has been returned to the open position.

[0077] Referring now also to Figure 4, some embodiments of the debridement tool
122 may include a second control button 174. In embodiments including two control buttons,
both the first control button 168 and the second control button 174 may be operable to control
the valves within the debridement tool 122. For example, the first control button 168 may be
operable to activate the fluid delivery valve 166 to open a fluid pathway through the
debridement tool 122 to allow fluid to flow through the treatment fluid tube 162 to the
applicator end 155 of the debridement tool 122 and out to the tissue site 102. The second
control button 174 may operate to activate the fluid removal valve 164 to provide an open
passageway for negative-pressure to be delivered through the negative-pressure tube 161 and
to the applicator end 155 of the debridement tool 122. In some applicable embodiments, the
second control button 174 may also activate the fluid removal valve 164 to open the
passageway through the pressure-sensing tube 163. The inclusion of two control buttons may
allow an operator to conveniently choose to independently deliver fluid and apply negative
pressure, or administer both simultaneously.

[0078] While the normal, resting position of the control buttons may be in an “off”
position, the buttons may be turned to an “on” position either momentarily or for a
continuous period of time. For example, some embodiments of the debridement tool 122
may include control buttons that have a “depress-and-lock™ feature, so that the control
buttons may be depressed for intermittent activation of the “on” position, or depressed and
locked into a continuous “on” position. In some preferred embodiments, the control buttons
may be fitted on a top side of the debridement tool 122 to allow for thumb control by an
operator during operation of the tool.

[0079] In operation, an operator may connect the therapy unit 114, including the
negative-pressure source 116 and the fluid source 118, to the debridement tool 122 using
conduits, such as the negative-pressure conduit 124 and supply conduit 126, as well as
connectors on the debridement tool 122, such as the first connector 159 and the second
connector 160. Once the various components of the therapy system 100 are connected, the
operator may select and activate a debridement mode using on-screen soft-buttons from the
GUI 130 of the therapy unit 114. Once the debridement mode has been selected by the

operator and activated, a debridement view 132 may be displayed on the GUI 130 to the
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operator. The on-screen buttons, as described above, may be used to start and stop
debridement therapy as appropriate.

[0080] Once debridement therapy has been initiated, the fluid pump 154 may
initiate at a slow rate, which, for example, may be at a delivery rate of approximately 35%
duty of 1.6 ml/sec flow rate. The user may then control the delivery of fluid from the
debridement tool 122, using a control button positioned on the debridement tool 122, such as
the first control button 168, to open the fluid delivery valve 166. The fluid pump 154 may
then pump fluid from the fluid source 118, which may be a fluid supply bag, until the fluid
source 118 has been emptied, or until the operator closes the fluid delivery valve 166 by
setting the first control button 168 to an “off” position. The fluid, which may be a saline-
based solution, may exit the applicator end 155 of the debridement tool 122 into the tissue
site 102, where the fluid may cleanse and/or debride the necrotic tissue 112. The fluid may
assist with washing away the necrotic tissue 112 as the brush 128 is used to dislodge and
remove portions of the necrotic tissue 112. Additionally, the instilled fluid may serve to
moisten and loosen the necrotic tissue 112 so as to reduce discomfort during removal by the
brush 128. The fluid also may provide a mechanism for dry particulates removed from the
necrotic tissue 112 or other portions of the tissue site 102 to exit the tissue site 102. As
mentioned, the fluid may be a saline-based solution, however the fluid may also include
additional solutions such as PRONTOSAN solution or NEUTROPHASE cleanser, available
from NovaBay Pharmaceuticals. Following debridement of the necrotic tissue 112 by the
fluid, the remaining effluent may be drawn out of the tissue site 102 by negative pressure
applied by the negative-pressure source 116 through the negative-pressure conduit 124 and
the negative-pressure tube 161 of the debridement tool 122. For example, the operator may
control the removal of fluid through the debridement tool 122 using the second control button
174 to open the fluid removal valve 164 to provide an open passageway for negative pressure
to be delivered through the negative-pressure tube 161 and to the applicator end 155 of the
debridement tool 122. The effluent may enter and pass through the negative-pressure tube
161 of the debridement tool 122, and then pass through the negative-pressure conduit 124 to
the particulate filter 129, if applicable, where particulate matter may be filtered out of the
effluent. The filtered fluid may then be collected by the container 120. Thus, the therapy
system 100 may store any particulate matter in a convenient location for disposal.

[0081] Figure 5 illustrates an example embodiment of the debridement tool 122,
which includes a built-in oscillation feature. In this illustrative embodiment, the internal

negative-pressure tube 161 of the debridement tool 122 may be modified to include an
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oscillation pathway 176, to detour a portion of the flow that would ordinarily pass solely
through the negative-pressure tube 161. The oscillation pathway 176 may run in parallel to a
portion of the negative-pressure tube 161. Incorporated in the oscillation pathway 176 may
be a rotating weight 178. The rotating weight 178 may be an offset weight that rotates under
the forces generated by fluid flow through the oscillation pathway 176, in order to cause axial
oscillation, depicted by oscillation waves 179 in Figure 5. In some embodiments, the rotating
weight 178 may be protected from potential damage resulting from contact with fluid and
exudate materials passing through the negative-pressure tube 161 of the debridement tool 122
by the inclusion of filters as part of the negative-pressure tube 161, or more specifically,
included in the oscillation pathway 176. The debridement process may be benefitted by the
inclusion of the oscillation feature, as the time required to clean and debride a wound site
may be decreased due to increased device efficiency, and therefore, user effort may be
reduced by decreasing the amount of manual force required to be applied to the wound site by
the operator. Alternatively or additionally, the built-in oscillation feature may include
oscillation provided by a powered mechanical or electrical means, such as a powered off-
centered weight or powered motor driving a cam and gear assembly to provide a back-and-
forth motion.

[0082] Figure 6 illustrates an example embodiment of the therapy system 100
configured with wireless communication capabilities for exchanging data between the
debridement tool 122 and the therapy unit 114. The wireless communication may allow for
control of the various fluid-delivery and negative-pressure application components of the
therapy system 100. As part of the wireless communication functionality, some embodiments
of the debridement tool 122 may include a power source 180 and a communications
transceiver 182. The communications transceiver 182 may be configured to communicate via
a wireless communications protocol, such as Bluetooth® or ZigBee®, with a
communications device 184 which may be incorporated into the therapy unit 114. For
example, as previously discussed with respect to Figures 3-5, the delivery of fluid from the
debridement tool 122 may be controlled using the first control button 168 to open the fluid
delivery valve 166. When the fluid delivery is turned “on,” the communications transceiver
182 may send a wireless signal to the communications device 184 of the therapy unit 114 in
order to start the fluid pump 154. Once the fluid pump 154 has begun, fluid may be instilled
through the supply conduit 126 to the debridement tool 122 and then out the applicator end
155 of the debridement tool 122 at a fixed delivery rate (~35% duty of 1.6 mL/sec flow rate).

When the operator wants to deactivate the fluid pump 154, once again, a wireless signal may
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be sent from the communications transceiver 182 to the communications device 184 of the
therapy unit 114 to turn “off” the fluid pump 154. In some embodiments, the “on” and “off”
control may also be controlled through the GUI 130 of the therapy unit 114. In such
embodiments, upon input from the operator, the communications device 184 may send a
wireless signal to the communications transceiver 182 in the debridement tool 122 to control
the positioning of the fluid delivery valve 166.

[0083] Similar to the control of the fluid delivery using wireless signals from the
debridement tool 122, the supply of negative pressure from the negative-pressure source 116
may also be controlled using wireless protocols. For example, an operator may depress the
second control button 174 in order to open the fluid removal valve 164. When the second
control button 174 is turned to the “on” position, the communications transceiver 182 may
send a wireless signal to the communications device 184 of the therapy unit 114, in order to
start the negative-pressure source 116. The negative-pressure source 116 may provide
negative pressure through the negative-pressure conduit 124 and to the debridement tool 122,
until the time at which the operator may return the second control button 174 to an “off”
position to close the fluid removal valve 164 and to send a wireless signal from the
communications transceiver 182 to the communications device 184 to deactivate the
negative-pressure source 116.  Further, in some embodiments, the wireless control
functionality of the debridement tool 122 may also be used to indirectly control the
oscillation feature through the control of the negative-pressure source 116 and fluid removal
valve 164.

[0084] Referring now to Figures 7A-7B, portions of an example embodiment of the
debridement tool 122 and therapy system 100 are shown, illustrating certain pressure-sensing
features and functionality. More specifically, Figures 7A-7B illustrate the effects on pressure
experienced at different locations of the passageways of the debridement tool 122, such as the
negative-pressure tube 161 and one or more pressure-sensing tube(s) 163, in response to a
fluid valve, such as fluid removal valve 164, being open or closed. Referring now primarily
to Figure 7A, it can be seen that fluid removal valve 164 positioned within the negative-
pressure tube 161 is positioned in a closed configuration. In such a closed position, fluid
removal valve 164 may substantially obstruct the fluid communication between a
downstream side, or space between the fluid removal valve 164 and the negative-pressure
source 116, of the negative-pressure tube 161 and an environment exterior to the debridement
tool 122, or upstream side of the fluid removal valve 164. In the example embodiment of

Figure 7A, pressure measurements may be taken at two different portions of the debridement
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tool 122. A first pressure may refer to a pressure within at least one pressure-sensing tube
163. For example, the first pressure may be determined by a pressure sensor that is
connected to at least one pressure-sensing tube 163. While in some embodiments there may
be one pressure-sensing tube 163, additional embodiments may include two or more
pressure-sensing tubes 163. For example, in one example embodiment, the debridement tool
122 may include four pressure-sensing tubes 163. In embodiments having more than one
pressure-sensing tube 163, a single pressure sensor may be in fluid communication with the
multiple pressure-sensing tubes 163. For example, in some embodiments, the debridement
tool 122 may include four pressure-sensing tubes 163, which may be fluidly connected to a
pressure sensor, such as pressure sensor 172 of Figure 3, via a conduit, such as pressure-
sensing conduit 170. While each of the pressure-sensing tubes 163 may be sized in a way
that should minimize the chance of blockage, including multiple tubes may allow for
continued pressure sensing despite one or more becoming blocked or occluded.

[0085] A second pressure may refer to a pressure within the negative-pressure tube
161, and more specifically the pressure downstream from the fluid removal valve 164. Thus,
the second pressure may correspond to a pressure within a container or canister for collecting
exudates from a tissue site, such as container 120. In some embodiments, the second pressure
may be measured via a separate pressure sensor that is positioned in fluid communication
between the fluid removal valve 164 and the container 120. In some embodiments, the
separate pressure sensor may be positioned or housed within the container 120.

[0086] Still referring primarily to Figure 7A, in some embodiments the fluid
removal valve 164 and the negative-pressure tube 161 may be configured so that the fluid
removal valve 164 can provide a controlled flow, such as controlled flow 206, when in the
closed position. For example, the fluid removal valve 164 in a closed position may allow for
some amount of flow between the space in the negative-pressure tube 161 downstream of the
fluid removal valve 164 and the environment external to the debridement tool 122. In some
embodiments, the controlled flow 206 may correspond to a volumetric flow rate of between
approximately 5 cc/min and 25 cc¢/min.  For example, the controlled flow 206 may
correspond to a flow rate of approximately 10 cc/min. A controlled flow may prevent a
pressure build-up in the negative-pressure tube 161 and other components of the therapy
system 100 downstream of the fluid removal valve 164, and may allow for the negative-
pressure source 116 to run constantly once the debridement tool 122 has been initiated. By
including a controlled flow, such as controlled flow 206, in the design of the negative-

pressure tube 161 of the debridement tool 122, an operator may be able to close the fluid
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removal valve 164, while allowing the negative-pressure source 116 to remain running. Such
a configuration may provide an operator with optimum control of the debridement tool 122.
For example, an operator may wish to temporarily operate the debridement tool 122 only to
deliver a fluid, such as a wound cleanser, to a tissue site, without having to deactivate or turn
off the negative-pressure source 116. In other instances, the operator may wish to
temporarily deactivate the negative-pressure functionality of the debridement tool 122, such
as by closing the fluid removal valve 164, while the operator inspects the tissue site. The
incorporation of the controlled flow feature may allow for quickly alternating between modes
of operation of the debridement tool 122, without having to turn off or deactivate significant
portions of the therapy system 100, such as the negative-pressure source 116.

[0087] Referring now primarily to Figure 7B, a portion of the debridement tool 122
corresponding to that of Figure 7A is shown, depicting a state with a fully-open fluid removal
pathway, such as negative-pressure tube 161. Thus, Figure 7B may depict the scenario where
a negative-pressure source, such as negative-pressure source 116, may be activated and
delivering negative pressure through the negative-pressure tube 161 to the environment
external to the debridement tool 122, thereby creating a fluid removal flow 207 into the
negative-pressure tube 161. Since the negative-pressure tube 161 and pressure-sensing tubes
163 are open and in fluid communication with each other, the pressure experienced within the
pressure-sensing tubes 163 may be approximately equal to the pressure experienced within
the negative-pressure tube 161.

[0088] In some embodiments, the therapy system 100 may include features and
functionality configured for handling a variety of fluid blockage and/or fluid leak scenarios.
Referring now primarily to Figure 8A, an embodiment of the debridement tool 122 is shown,
depicting an example situation of a fluid blockage 210 in the negative-pressure tube 161 of
the debridement tool 122. In accordance with the normal operation of the therapy system 100
as discussed with respect to Figures 3 and 4, a pump component of the negative-pressure
source 116 may slowly ramp-up pump duty, with the pressure sensor 172, through the
pressure-sensing tube(s) 163, being in fluid connection with and monitoring pressure at the
applicator end 155 of the debridement tool 122. The negative-pressure source 116 may be set
to maintain a consistent flow rate, which in some example embodiments may be
approximately 1 L/min. The pump component of the negative-pressure source 116 may be
allowed to continue to ramp-up to a maximum of -200 mmHg before automatically shutting
down. In some embodiments, the blockage detection feature functions as the fluid removal

valve 164 is not designed to fully seal, as previously described, therefore allowing for an
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expected controlled fluid leak of ~10 ml/min at -200 mmHg through the pressure-sensing
tube(s) 163. Thus, if the therapy system 100 registers that maximum pressure (-200 mmHg)
has been reached and there is no flow detected, the therapy system 100 may determine that
the negative-pressure tube 161 of the debridement tool 122 is blocked.

[0089] Referring now also to Figure 8B, a portion of the debridement tool 122
analogous to that of Figures 7A-7B is shown, including a depiction of blockage 210.
According to some illustrative embodiments, in the presence of a blockage, such as blockage
210, negative pressure may increase in the negative-pressure tube 161 downstream of the
blockage 210. Thus, a first pressure in the pressure-sensing tubes 163 may differ from a
second pressure in the negative-pressure tube 161 downstream of the blockage 210. For
example, as a result of a negative pressure increase in the negative-pressure tube 161, the
absolute value of the second pressure may be greater than the absolute value of the first
pressure. Based on the difference between the first pressure and the second pressure, the
therapy system 100 may determine that a blockage, such as the blockage 210, exists
somewhere in the fluid passageways of the therapy system 100, such as in the negative-
pressure tube 161 of the debridement tool 122 or the negative-pressure conduit 124. If the
pressure increase remains and the second pressure in the negative-pressure tube 161 reaches a
set pressure threshold, the therapy system 100 may signal to an operator that a blockage is
present. For example, the threshold pressure for alerting the operator, which may be
downstream of the blockage 210 in the negative-pressure tube 161, negative-pressure conduit
124, and container 120 and measured by an additional pressure sensor which may be
positioned in the container 120, may be set to a value in the range of between -150 mmHg to
-400 mmHg, or in some embodiments, approximately -200 mmHg. Meanwhile, the pressure
in the pressure-sensing tubes 163, which may be measured by pressure sensor 172, may be in
the range of between approximately -150 mmHg to O mmHg. Further, the therapy system
100 may then prompt the operator to select a mode where the therapy system 100 will attempt
to clear the blockage, such as the blockage 210 in the negative-pressure tube 161, by
increasing the absolute value of the negative pressure provided by the negative-pressure
source 116, such as to for example between -250 mmHg and -400 mmHg, or in some
example embodiments approximately -300 mmHg, and operating the fluid removal valve 164
on a 10-second cycle to attempt to clear the blockage 210. Should the blockage be
successfully cleared, the pressure build-up within the negative-pressure tube 161 may
dissipate, and the first pressure in the pressure-sensing tubes 163 and the second pressure in

the negative-pressure tube 161 may once again become approximately equal to each other.
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The therapy system 100 may then recognize the return of the first pressure and the second
pressure to normal conditions, and may decrease the amount of negative pressure provided by
the negative-pressure source 116. The therapy system 100 may then return to normal
operation.

[0090] Figures 9A-9F illustrate portions of an additional example embodiment of
the debridement tool 122, which may allow for alternative pressure-sensing features of the
therapy system 100. For example, the passageways of the debridement tool 122 may be
arranged to allow for different aspects of pressure-sensing and control functionality using a
rotary valve system. Referring to Figure 9A, additional details associated with a rotary valve
220 are shown. For example, the rotary valve 220 may include a dial 222 configured for
allowing an operator to adjust the position of the rotary valve 220. Referring also to Figure
9B, the rotary valve 220 may include passageways for negative-pressure delivery, such as a
first negative-pressure opening 224a and a second negative-pressure opening 224b, and
passageways for enabling pressure sensing, such as a first pressure-sensing opening 226a and
a second pressure-sensing opening 226b.

[0091] The rotary valve 220 may be configured to allow for switching between
activation and deactivation of the delivery of negative pressure to the applicator end 155 of
the debridement tool 122. For example, referring now primarily to Figure 9C, to perform
fluid removal from the tissue site 102, the rotary valve 220 may be placed in a first position
so that both the negative-pressure tube 161 and the pressure-sensing tube 163 are placed in
fluid communication with the applicator end 155 of the debridement tool 122 and the
environment external to the debridement tool 122. Referring now also to Figure 9D, a cross-
section view of the rotary valve 220 according to the line 9D-9D of Figure 9B is shown. As
shown in Figures 9C and 9D, the rotary valve 220 may include a first negative-pressure
opening 224a and a first pressure-sensing opening 226a. The first negative-pressure opening
224a may provide an opening for maintaining a continuous fluid path through portions of the
negative-pressure tube 161, while the first pressure-sensing opening 226a may provide an
opening for maintaining a continuous path through the portions of the pressure-sensing tube
163.

[0092] Referring now primarily to Figure 9E, the rotary valve 220 may be placed in
a second position to stop fluid removal from the tissue site 102. In the second position, the
rotary valve 220 may place the pressure-sensing tube 163 in fluid communication with the
negative-pressure tube 161 through pressure return passageway 228 of the rotary valve 220.

Referring now also to Figure 9F, a cross-section view of the rotary valve 220 according to the
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line 9F-9F of Figure 9B is shown. As shown in Figures 9E and 9F, the second negative-
pressure opening 224b and the second pressure-sensing opening 226b may be fluidly
connected by a pressure return passageway 228. In some embodiments, the rotary valve 220
can be closed as depicted in Figures 9E and 9F to place the negative-pressure tube 161 in
fluid communication with the pressure-sensing tube 163. Closing the rotary valve 220 may
also fluidly couple the negative-pressure tube 161 to the pressure-sensing lumen 170 and the
pressure sensor 172 of Figure 3, via the pressure-sensing tube 163. Pressure measurements
may be determined for different portions of the fluid passageways of the debridement tool
122 and therapy system 100 based on changing the position of the rotary valve 220.

[0093] In operation, when the fluid removal functionality is required, an operator
may operate the dial 222 of the rotary valve 220 to set the rotary valve 220 to the first
position, which may align the first negative-pressure opening 224a with the two different
sections of the negative-pressure tube 161 on the two sides of the rotary valve 220. The
section of the negative-pressure tube 161 downstream of the rotary valve 220, which may
also be in fluid communication with the negative-pressure conduit 124 and the negative-
pressure source 116, may be placed in fluid communication with the environment external to
the debridement tool 122. In this first position, the first pressure-sensing opening 226a may
also be aligned with the two different sections of the pressure-sensing tube 163, also placing
the portion of the pressure-sensing tube 163 on the same side of the rotary valve 220 as the
pressure-sensing lumen 170 and pressure sensor 172, in fluid communication with the
environment external to the debridement tool 122. In some embodiments, the movement of
the rotary valve 220 to place the pressure sensor 172 in fluid communication with the
external environment through the pressure-sensing tube 163 may indicate to the control
system of the therapy system 100 that the operator requires fluid removal.

[0094] Once the negative-pressure tube 161 and the pressure-sensing tube 163 are
open to fluid communication with the environment external to the debridement tool 122, the
therapy system 100 may then try to drive the pressure in the container 120 to maintain a
predetermined pressure, such as -200 mmHg, and deliver negative pressure through the
negative-pressure tube 161 to the applicator end 155 of the debridement tool 122. The
pressure sensor 172 in fluid communication with the pressure-sensing tube 163 may then
monitor the pressure at the applicator end 155 of the debridement tool 122. The pressure
sensor 172, through the pressure-sensing tube 163, may sense atmospheric pressure at the
applicator end 155, and the negative-pressure source 116 may run to attempt to cause the

pressure sensor 172 to reach the predetermined pressure at the applicator end 155. However,
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the negative-pressure source 116 may be unable to reach the predetermined pressure level, as
the negative-pressure tube 161 and the pressure-sensing tube 163 may remain open to the
atmosphere, and the negative-pressure source 116 may continue to run to maintain a flow
through the negative-pressure tube 161. In some embodiments, if the therapy system 100 has
to continually increase the workload of the negative-pressure source 116 in order to maintain
the pressure at the applicator end 155 detected by the pressure sensor 172 through the
pressure-sensing tube 163, or is unable to maintain pressure during operation, the therapy
system 100 may interpret this condition to be the presence of a blockage, such as a blockage
within the negative-pressure tube 161. The therapy system 100 may then give the operator an
option to attempt to clear the fluid passageways, such as the negative-pressure tube 161, of
the therapy system 100. This may be achieved by increasing the negative pressure provided
by the negative-pressure source 116 up to a set pressure, which may be approximately -300
mmHg, at set intervals, which may be approximately 10 seconds, until the blockage has been
cleared.

[0095] In contrast, if fluid removal is not desired, the operator may once again use
the dial 222 to set the rotary valve 220 to the second position, which may align the second
negative-pressure opening 224b with the two different sections of the negative-pressure tube
161 and align the second pressure-sensing opening 226b with the two different sections of the
pressure-sensing tube 163. In this configuration, the negative-pressure tube 161 and the
pressure-sensing tube 163 may be placed in direct fluid communication with each other
through the pressure return passageway 228, as shown in Figures 9E and 9F. When the
rotary valve 220 is placed in the second position, the negative-pressure tube 161 and the
pressure-sensing tube 163 may be closed off from fluid communication with the tissue site
102 and external environment. In some embodiments, as the pressure within the closed
environment, including the negative-pressure source 116 and the pressure sensor 172, reaches
a predetermined level, for example -200 mmHg, the therapy system 100 may determine that
fluid removal is no longer required. In such instances, the negative-pressure source 116 may
reduce output, or in some cases, cease operation.

[0096] Referring now to Figures 10-12, collectively, portions of an additional
example embodiment of the debridement tool 122 are shown, illustrating certain pressure-
sensing features and functionality that may be associated with some embodiments. More
specifically, the embodiment of the debridement tool 122 shown in Figures 10-12 may
include another embodiment of a rotary valve system. Referring now to Figure 10A, details

associated with the rotary valve 230 are shown. For example, the rotary valve 230 may
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include a dial 232 for allowing an operator to adjust the position of the rotary valve 230 with
respect to the fluid passageways of the debridement tool 122. Referring also to Figure 10B,
the rotary valve 230 may include a passageway for negative-pressure delivery, collectively
negative-pressure opening 234. The rotary valve 230 may also include one or more
passageways for enabling pressure sensing, collectively pressure-sensing opening(s) 236. For
example, in the example embodiment of Figures 10A-10C, four pressure-sensing openings
236a, 236b, 236¢, and 236d, are positioned and spaced around the circumference of the
negative-pressure opening 234. Each of the four pressure-sensing openings 236a-236d may
correspond and be placed in fluid communication with a single pressure-sensing tube 163.
Thus, in the embodiment of Figures 10A-10C, the debridement tool 122 may include four
pressure-sensing tubes 163 spaced around the circumference of the negative-pressure tube
161. Furthermore, the rotary valve 230 may include a passageway for fluid delivery, such as
fluid-delivery opening 238.

[0097] As discussed with respect to the rotary valve 220 of Figures 9A-9F, the
rotary valve 230 of Figures 10A-10C similarly may be configured to allow for switching
between activation and deactivation of the delivery of negative pressure to the applicator end
155 of the debridement tool 122. Additionally, the rotary valve 230 may also be capable of
activating and deactivating fluid delivery from a fluid source of the therapy system 100, such
as fluid source 118. For example, referring now also to Figure 10C, a cross-section view of a
portion of the debridement tool 122 according to the line 10C-10C of Figure 10B is shown.
As shown in Figure 10C, when it is desirable to administer negative pressure as well as fluid
delivery to a tissue site, such as tissue site 102, the rotary valve 230 may be placed in an open
position so that both the negative-pressure tube 161 and the pressure-sensing tubes 163 are
placed in fluid communication with the applicator end 155 of the debridement tool 122 and
the environment external to the debridement tool 122 at the tissue site 102. As shown in
Figure 10C, the negative-pressure opening 234 may provide a continuous fluid path between
portions of the negative-pressure tube 161, while the pressure-sensing openings 236 may
provide passageways between portions of the pressure-sensing tubes 163 on either side of the
rotary valve 230. Additionally, the fluid-delivery opening 238 may provide a passageway for
delivering fluid through the rotary valve 230. If the rotary valve 230 is in the open position,
the fluid source 118 may be configured or set to deliver fluid through the fluid-delivery tube
162.

[0098] Still referring primarily to Figure 10C, the rotary valve 230 may allow for

collecting and comparing pressure measurements at difterent portions of the debridement tool
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122. For example, a first pressure may be a pressure within at least one of the pressure-
sensing tubes 163 and may be determined by a pressure sensor that is connected to at least
one of the pressure-sensing tubes 163. In some embodiments, all of the pressure-sensing
tubes 163 may be in fluid communication with a single pressure sensor, such as pressure
sensor 172, while in other embodiments, each of the pressure-sensing tubes 163 may be in
fluid communication with a separate pressure sensor. A second pressure may refer to a
pressure within the negative-pressure tube 161, and more specifically, the pressure
downstream from the negative-pressure opening 234 of the rotary valve 230. The second
pressure may correspond to a pressure within a container or canister, such as container 120.
In some embodiments, the second pressure may be measured by the negative-pressure source
116 itself or by an additional pressure sensor that is in fluid communication with the
negative-pressure tube 161 and positioned between the rotary valve 230 and the negative-
pressure source 116, for example in the container 120. When the fluid pathways of the
debridement tool 122, including the negative-pressure tube 161 and the pressure-sensing
tubes 163, are open and in fluid communication with each other, the pressure within the
pressure-sensing tubes 163, or the first pressure, may be approximately equal to the pressure
within the negative-pressure tube 161, or the second pressure.

[0099] Referring now to Figures 11A-11C, the debridement tool 122 is shown with
the rotary valve 230 in a closed position. In this closed position, the rotary valve 230 may
substantially obstruct the fluid communication between a downstream side of the negative-
pressure tube 161, or space between the rotary valve 230 and the negative-pressure source
116, and an environment exterior to the debridement tool 122. The rotary valve 230 may also
substantially obstruct fluid communication through the pressure-sensing tubes 163 and the
fluid removal tube 162. Pressure within the various passageways of the debridement tool 122
may be measured at two different points. A first pressure may refer to a pressure within at
least one of the pressure-sensing tubes 163 and may be determined by a pressure sensor that
is fluidly connected to the pressure-sensing tubes 163, such as pressure sensor 172. A second
pressure may refer to a pressure within the negative-pressure tube 161, and more specifically
the pressure downstream from the rotary valve 230. Thus, the second pressure may refer to a
pressure experienced within the container 120, and the second pressure may be measured by
an additional pressure sensor that is in fluid communication with the negative-pressure tube
161 and positioned between the rotary valve 230 and the negative-pressure source 116, for
example in the container 120. Since the rotary valve 230, when in the closed position, closes

the negative-pressure tube 161 from the external environment, the absolute value of the
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negative pressure within the negative-pressure tube 161 and container 120 will increase as the
negative-pressure source 116 is left in an “on” state. In some embodiments, the rotary valve
230, when in the closed position, can allow the pressure-sensing tubes 163 to remain in fluid
communication with the negative-pressure tube 161. In such instances, the first pressure may
be approximately equal to the second pressure, and both the first pressure and the second
pressure may correspondingly increase or decrease.

[00100] In some embodiments, the therapy unit 114 may be configured to determine
when the first pressure and the second pressure both approximately reach a set threshold
pressure, such as for example, approximately -200 mmHg. The therapy unit 114 may be
programmed to determine that since the first pressure and the second pressure are equal, the
rotary valve 230 must be positioned in the closed position and fluid removal is not needed.
The therapy unit 114 may not signal an alarm, despite the second pressure increasing to the
set threshold, since the first pressure approximately matches the second pressure. The
therapy unit 114 may thus assume that no blockage is present in fluid passageways of the
debridement tool 122. The rotary valve 230 may also close off the fluid-delivery tube 162
from the environment external to the debridement tool 122. The fluid source 118 may sense
an absence of fluid flow, and the therapy unit 114 may signal the fluid source 118 to slow the
fluid delivery rate down to a slower rate. If the fluid-delivery tube 162 is no longer closed off
by the rotary valve 230, an increasing flow rate may be detected by the fluid source 118 and
therapy unit 114, and the fluid source 118 may transition to a greater fluid delivery rate.

[00101] Referring now to Figures 12A-12C, the debridement tool 122 is shown with
the rotary valve 230 again positioned in an open position, however an example situation of a
fluid blockage 242 in the negative-pressure tube 161 of the debridement tool 122 is shown.
In the scenario depicted in Figures 12A-12C, the rotary valve 230 is placed in the open
position, thus allowing fluid communication of the negative-pressure tube 161, fluid delivery
tube 162, and the one or more pressure-sensing tubes 163 with an environment external to the
debridement tool 122. In the situation of the fluid blockage 242, the therapy unit 114 may
detect an increase in negative pressure that occurs within the negative-pressure tube 161
downstream of the blockage 242. The therapy unit 114 may then detect a pressure difference
between a first pressure measured from within the pressure-sensing tubes 163 and a second
pressure measured from within the negative-pressure tube 161 downstream of the blockage
242. For example, the second pressure downstream of the blockage 242 may have a greater
absolute value than the first pressure within the one or more pressure-sensing tubes 163.

Based on the difference between the first pressure and the second pressure, the therapy unit
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114 may determine that the blockage 242 exists in the negative-pressure tube 161. The
therapy unit 114 may then subsequently prompt an operator to attempt to clear the blockage,
which may be achieved by increasing the negative-pressure delivered by the negative-
pressure source 116 to a set level, such as, for example, approximately -300 mmHg.
However, despite the presence of blockage 242, the fluid-delivery tube 162 may remain open,
through the fluid-delivery opening 238 of the rotary valve 230, to the external environment,
including tissue site 102, and thus fluid may be continue to be delivered to the tissue site 102.

[00102] In addition to the embodiments of the debridement tool 122 which may
include various versions of a rotary valve, embodiments of the debridement tool 122 may
additionally or alternatively include rotary valves with different combinations of fluid
openings and passageways. For example, in some embodiments, a rotary valve for allowing
fluid removal, but no simultaneous fluid delivery, or vice versa, could be provided.

[00103] Figures 13-15 collectively provide images related to testing of some features
associated with some example embodiments of the debridement tool 122 and the therapy
system 100. The images show results of testing eschar models created by branding pork
chops with a heated steel rod. Branding of each sample was performed for between 30-60
seconds, however level of eschar was based on visual inspection. Testing of the debridement
tool 122 and the therapy system 100 was conducted at a uniform time of 3 minutes for each
tested embodiment of the debridement tool 122. During the testing procedures, negative
pressure and fluid flow were provided by a V.A.C.ULTA™ Unit, with fluid pump settings of
approximately 35% pump duty of 1.6 mL/sec flow rate.

[00104] Figure 13 collectively provides views of an eschar model before and after
being debrided with an exemplary debridement tool having a brush head with firm bristles.
More specifically, Figure 13A shows before-and-after views of an eschar model debrided
without fluid delivery or the application of negative-pressure therapy. Comparing sample
area 302 before and after debridement illustrates that the debridement procedure removed a
majority of dark eschar and removed some central necrotic tissue.

[00105] Figure 13B includes images of an eschar model before and after being
debrided with continuous fluid delivery and negative-pressure. Comparing the sample area
304 illustrates that the debridement procedure removed a significant portion of the dark
eschar, and an outer ring of black eschar remained in place. Additionally, the procedure did
remove the necrotic tissue central to the sample area 304.

[00106] Figure 13C includes images of an eschar model before and after being

debrided with continuous fluid delivery, negative-pressure applied, and vibration/oscillation
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functionality. A comparison of sample area 306 shows that the dark eschar was thoroughly
removed, as well as was some of the central necrotic tissue. Observations indicated that the
vibration feature was beneficial to both fluid removal and cleaning of the sample site.

[00107] Figure 14 collectively includes images of an eschar model before and after
being debrided with an exemplary debridement tool having a brush head with soft bristles.
Figure 14A includes images of the eschar model before and after being debrided without fluid
delivery or negative pressure. Comparing sample area 402 illustrates that the debridement
procedure removed a majority of dark eschar, and some amount of necrotic tissue.

[00108] Figure 14B includes images of an eschar model before and after being
debrided with continuous fluid delivery and negative pressure. Comparing sample area 404
illustrates that the debridement procedure removed the majority of the black eschar.
Additionally, the procedure did remove necrotic tissue in areas of the sample area 404.

[00109] Figure 14C includes images of an eschar model before and after being
debrided with continuous fluid delivery, negative pressure applied, and vibration/oscillation
functionality. Comparing the sample area 406 illustrates that the debridement procedure
thoroughly removed the dark eschar. Some necrotic tissue was removed from the sample
site. The inclusion of the vibration functionality may benefit the operator by requiring
significantly less pressure to be applied to the debridement tool 122. Additionally, the
configuration of the debridement tool 122 tested with respect to the results shown in Figure
14C may offer particular benefits for wounds with high levels of exudate and slough, as
opposed to dark eschar. For example, less user effort and amount of downward pressure
applied may reduce the spreading or scattering around of exudates.

[00110] Figure 15 collectively includes images of an eschar model before and after
being debrided with an exemplary debridement tool having a brush head with hard bristles.
Figure 15A includes images of the eschar model before and after being debrided without fluid
delivery or negative pressure. Comparing sample area 502 illustrates that the debridement
procedure removed a majority of dark eschar and a portion of the necrotic tissue.

[00111] Figure 15B includes images of an eschar model before and after being
debrided with continuous fluid delivery and negative pressure. Comparing the sample area
504 illustrates that the debridement procedure removed the majority of the dark eschar, with
the exception of some of the deeper, outer eschar. Additionally, the majority of the necrotic
tissue central to the sample area 504 was removed. The procedure did involve some scraping

of the sample area 504.
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[00112] Figure 15C includes images of an eschar model before and after being
debrided with continuous fluid delivery, negative pressure applied, and vibration/oscillation
functionality. Comparing the sample area 506 illustrates that the debridement procedure
thoroughly removed the majority of the dark eschar, however some of the deeper eschar still
remained. Additionally, the majority of the necrotic tissue located in the center of the sample
area 506 was also removed. The inclusion of the vibration functionality resulted in less effort
required by the operator. The vibration feature benefited both fluid removal as well as
cleaning of the sample area 506, particularly in areas with hard eschar. Researchers noted
that the configuration of using hard bristles with continuous fluid delivery, negative-pressure
application, and vibration functionality provided the best debridement results.

[00113] Several conclusions were gathered from the debridement tests associated
with Figures 13-15. First, the bristle lengths and diameters may be varied to achieve better
cleaning performance of wounds. For example, soft bristles may be utilized to clean more
delicate and sensitive wounds, and may also be effective for treating wounds with high levels
of slough. Firm bristles may also be used to clean wounds with high levels of slough and
exudate, and may also be effective against some levels of hard eschar and necrotic tissue.
Hard bristles may be used to clean wounds with dark, hard eschar without requiring
significant user effort. Second, incorporating vibration/oscillation functionality may provide
several advantages. In addition to improving the results of the debridement process, the
vibration feature may also assist with the fluid removal process. The vibration feature may
also offer significant reductions in the amount of user effort required to perform the
debridement procedures.

[00114] The systems, apparatuses, and methods described herein may provide
significant advantages. For example, a therapy system described above, such as therapy
system 100, may provide a low-pain, efficient solution for providing an alternative form of
debridement therapy. The therapy system 100 may also enable debridement procedures to be
performed at the bedside of patients by a skilled nurse or caregiver, rather than requiring a
surgical environment and associated team. As such, powered negative-pressure wound
therapy systems may be enhanced to provide a simple and effective hand-held wound
cleaning and debridement device. The therapy system 100 may provide controlled fluid
delivery and fluid removal, which may soften necrotic tissue, irrigate the wound site, and
facilitate cleaning and the removal of unwanted particulates. Furthermore, the flow created
by a negative-pressure supply, such as the negative-pressure source 116, may be used to

remove fluids and debrided particulates from the wound site.  Additionally, some
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embodiments of the debridement tool 122 may provide oscillation or vibration, which can
reduce the amount of user effort required to perform the debridement procedure, help loosen
necrotic tissue, assist with the removal of fluid and debridement particles, and reduce overall
treatment time. All system elements may be independently controlled by the operator in
some embodiments, including those related to cleansing the wound site in addition to
negative-pressure therapy.

[00115] By providing an easy-to-control debridement tool offering powered
assistance, caregivers who may not be trained and/or confident with mechanical debridement
techniques requiring sharp instruments may successfully perform a greater number of
debridement procedures, often avoiding the need for surgical procedures to be conducted. As
a result, not only can patient waiting times likely be reduced, but surgeon time and surgical
environments may also be relieved and made available for other treatments and procedures.
Additionally, by utilizing existing negative-pressure wound therapy systems in the
debridement process, wound cleaning and debridement may be conducted at a patient’s
bedside before a wound is redressed and then subjected to negative-pressure wound therapy
by the same base unit. The therapy system 100 may also be effective in the surgical
environment.

[00116] Other possible relevant areas of use for the systems and debridement tools
disclosed herein may include dental applications. For example, the disclosed debridement
tools may be used to aid dental cleaning, such as to facilitate the removal of plaque and
calculus, as well as for dental debridement procedures.

[00117] Additionally, some embodiments of the debridement tool 122 may be
designed as a single-use, disposable unit, which can further increase ease and efficiency of
debridement procedures for clinicians. The debridement tool 122 may also include built-in
features for clearly signaling to users that the device is not to be reused. For example, the
tubing connectors of the debridement tool 122 for connecting to the conduits of the therapy
system 100 may be designed to have a melting point below temperatures reached during
autoclaving and steam sterilization, which can prevent use following sterilization procedures.
Additionally, the debridement tool 122 may include one or more features that are designed to
be triggered, which may also prevent reuse. One example is a deformable piece as part of the
tubing connectors of the debridement tool 122 that may snap and prevent reuse during
connection to the conduits of the therapy system 100. Furthermore, cautions against reuse
can be provided by labeling additions and other warnings on the debridement tool 122, as

well as packaging.
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[00118] While shown in a few illustrative embodiments, a person having
ordinary skill in the art will recognize that the systems, apparatuses, and methods described
herein are susceptible to various changes and modifications. Moreover, descriptions of
various alternatives using terms such as “or” do not require mutual exclusivity unless clearly
required by the context, and the indefinite articles "a" or "an" do not limit the subject to a
single instance unless clearly required by the context. Components may be also be combined
or eliminated in various configurations for purposes of sale, manufacture, assembly, or use.
For example, in some configurations the debridement tool 122, the container 120, or both
may be eliminated or separated from other components for manufacture or sale. In other
example configurations, the therapy unit 114 may also be manufactured, configured,
assembled, or sold independently of other components.

[00119] The appended claims set forth novel and inventive aspects of the
subject matter described above, but the claims may also encompass additional subject matter
not specifically recited in detail. For example, certain features, elements, or aspects may be
omitted from the claims if not necessary to distinguish the novel and inventive features from
what is already known to a person having ordinary skill in the art. Features, elements, and
aspects described herein may also be combined or replaced by alternative features serving the
same, equivalent, or similar purpose without departing from the scope of the invention

defined by the appended claims.
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CLAIMS

What is claimed is:

1. A system for treating a tissue site, comprising:
a debridement tool having a first end and a second end and comprising:
a first fluid conduit extending from the first end to the second end,
a second fluid conduit extending from the first end to the second end, and
a brush attached to the second end;
a negative-pressure source adapted to be fluidly coupled to the first fluid conduit at
the first end of the debridement tool;
a fluid source adapted to be fluidly coupled to the second fluid conduit at the first
end of the debridement tool; and
a control unit configured to interface with an operator for receiving and displaying

operation parameters of the negative-pressure source and the fluid source.

2. The system of claim 1, wherein the debridement tool further comprises a switch
positioned on an external surface and configured to allow an operator to control delivery

of a fluid from the fluid source.

3. The system of claim 1, wherein the debridement tool further comprises:
a first switch configured to activate and deactivate the fluid source; and

a second switch configured to activate and deactivate the negative-pressure source.

4. The system of claim 1, wherein the first fluid conduit comprises a first valve adapted to

restrict delivery of negative pressure to the second end of the debridement tool.

5. The system of claim 4, wherein the first valve is further adapted to permit a

predetermined, controlled fluid leak.

6. The system of claim 1, wherein the second fluid conduit comprises a second valve

adapted to control delivery of a fluid from the fluid source.
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The system of claim 1, further comprising:
a negative-pressure delivery conduit adapted to fluidly connect the first fluid
conduit of the debridement tool to the negative-pressure source; and
a fluid supply conduit adapted to fluidly connect the second fluid conduit of the

debridement tool to the fluid source.

The system of claim 1, wherein the brush comprises a plurality of bristles, each of the

plurality of bristles having a length in a range of 4mm to 15mm.

The system of claim 1, wherein the brush comprises a plurality of bristles, each of the

plurality of bristles having a length in a range of 6mm to 9mm.

The system of claim 1, wherein the brush comprises a plurality of bristles, each of the

plurality of bristles having a length of 9mm.

The system of claim 1, wherein the brush comprises a plurality of bristles, each of the

plurality of bristles having a length of 6mm.

The system of claim 1, wherein the brush comprises a plurality of bristles, each of the

plurality of bristles having a length in a range of Smm to 10mm.

The system of claim 1, wherein:
the debridement tool further comprises a communications transceiver configured to
exchange a wireless signal; and
the control unit further comprises a communications device configured to

exchange the wireless signal with the communications transceiver.

The system of claim 13, wherein the wireless signal includes one or more control

parameters related to operation of the system.

The system of claim 13, wherein the wireless signal includes an instruction for controlling

the fluid source.

The system of claim 13, wherein the wireless signal includes an instruction for controlling

the negative-pressure source.

The system of claim 1, further comprising a container fluidly coupled to the negative-

pressure source and debridement tool and configured to collect fluids.
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18. The system of claim 1, further comprising a pressure sensor configured to monitor

pressure at the second end of the debridement tool.

19. The system of claim 18, further comprising;
a pressure-sensing conduit adapted to fluidly connect the pressure sensor to the
debridement tool; and
wherein the debridement tool comprises a third fluid conduit adapted to be in fluid
communication with the second end of the debridement tool and the

pressure sensor through the pressure-sensing conduit.

20. The system of claim 1, further comprising a flow sensor configured to monitor a flow rate

of a fluid being delivered from the fluid source to the debridement tool.

21. The system of claim 1, wherein the debridement tool further comprises a fourth fluid
conduit in parallel fluid communication with a portion of the first fluid conduit, wherein

the fourth fluid conduit comprises an oscillation device.

22. The system of claim 21, wherein the oscillation device comprises an offset weight

configured to rotate.

23. The system of claim 21, wherein the fourth fluid conduit further comprises at least one

filter adapted to block fluids from contacting the oscillation device.

24. The system of claim 19, wherein the debridement tool further comprises a rotary valve
configured to selectively fluidly connect the first fluid conduit and the third fluid conduit
to prevent fluid communication of the first and third fluid conduits with an environment

external to the second end of the debridement tool.

25. The system of claim 24, wherein the rotary valve comprises:
a first passageway sized and adapted to fluidly connect a first section and second
section of the first fluid conduit;
a second passageway sized and adapted to fluidly connect a first section and
second section of the second fluid conduit; and
a pressure return conduit for fluidly connecting the first fluid conduit and the third

fluid conduit.
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26. The system of claim 1, wherein the debridement tool further comprises:

a first tubing connector positioned at the first end of the debridement tool and
adapted to fluidly connect the first fluid conduit to a negative-pressure
delivery conduit; and

a second tubing connector positioned at the first end of the debridement tool and
adapted to fluidly connect the second fluid conduit to a fluid supply

conduit.

27. The system of claim 26, wherein the first tubing connector is further adapted to fluidly

connect a third fluid conduit of the debridement tool to a pressure-sensing lumen.

28. The system of claim 1, wherein the debridement tool further comprises a housing formed

by injection molding.
29. The system of claim 1, wherein the fluid source comprises a reservoir.
30. The system of claim 1, wherein the fluid source comprises a pump.

31. A method for debriding a tissue site, comprising:
positioning a first end of a debridement tool proximate to a portion of necrotic
tissue at the tissue site;
supplying a treatment fluid through the first end of the debridement tool to the
necrotic tissue; and
activating a negative-pressure source to deliver negative pressure through the

debridement tool to the tissue site.

32. The method of claim 31, further comprising activating an oscillation feature of the

debridement tool to provide oscillatory movement of the debridement tool.

33. The method of claim 31, wherein the step of supplying a treatment fluid further comprises

engaging a first switch positioned on the debridement tool.
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34. The method of claim 31, wherein the step of activating the negative-pressure source

further comprises engaging a second switch positioned on the debridement tool.

35. A system for treating a tissue site having necrotic tissue, comprising:
a debridement tool;
a negative-pressure source fluidly coupled to the debridement tool; and

a fluid source fluidly coupled to the debridement tool.

36. The system of claim 35, wherein the debridement tool further comprises:
a first fluid conduit extending from a first end to a second end of the debridement
tool and adapted to be fluidly coupled to the negative-pressure source;
a second fluid conduit extending from the first end to the second end and adapted
to be fluidly coupled to the fluid source; and

a brush positioned at the second end of the debridement tool.

37. The system of claim 35, wherein:
the debridement tool further comprises a communications transceiver configured to
exchange a wireless signal; and
further comprising a control unit further comprising a communications device
configured to exchange the wireless signal with the communications

transceiver.

38. A device for debriding a tissue site, comprising:

a housing comprising a first end and a second end,

a first fluid conduit positioned within the housing and extending from the first end
to the second end and adapted to be fluidly coupled to a negative-pressure
source;

a second fluid conduit positioned within the housing and extending from the first
end to the second end and adapted to be fluidly coupled to a fluid source;
and

a brush attached to the second end.
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39. The device of claim 38, further comprising:
a first tubing connector positioned at the first end of the housing and adapted to
fluidly connect the first fluid conduit to the negative-pressure source; and
a second tubing connector positioned at the first end of the housing and adapted to

fluidly connect the second fluid conduit to the fluid source.
40. The device of claim 38, wherein the housing is formed by injection molding.

41. The systems, apparatuses, and methods substantially as described herein.
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